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(54) Non-volatil© semiconductor memory device 

(57) A non-volaiile semiconductor memory device 
of the present invention includes a plurality of memory 
ceil array blocks on a single Integrated circuit, each of 
the blocks including non-volatile memory transistors ca- 
pable of electrically writing, erasing, and reading infor- 
mation, arranged in a matrix. Control gales of trie tran- 
sistors in each tdenlical row are commonly connected 
lc lorm word lines, drains of the transistors in each iden- 
tical column are commonly connected to lorm bit lines, 
and sources of all ol the transistors are commonly con- 
nected. Each of the blocks further includes a bit line se- 
lection circuit which selectively connects the plurality of 
bit lines to a data bus in accordance with a signal value 
ol a predetermined portion of an input aodress signal, 
and an output circuit for selectively outpuning a prede- 



termined voltage to the common iy connected sources 
at » time of writing, erasing, and reading information. 
The plurality of word lines of each of the blocks are con- 
nected to the corresponding word lines in an ad)ecenl 
block through a plurality of switching transistors provid- 
ed between the b Jocks, two word line selection circuits 
are provided which output a predetermined word line se- 
lection signal in accordance with a signal value of the 
other predetermined portion ol the input address signal 
The word lines of predetermined two blocks among the 
plurality of blocks are respectively connected to the cor- 
responding word line selection circuits, and each of ihe 
bit Ime selection circuits connects the bit line selected 
in accordance with the signal value of the predetermined 
portion of the input address signal alternatively to either 
of the two data buses. 



FIG. J 



• ••> 1*}." — my> 

l ! If Aim feJaBp j 



U 1 'i 



'Mm 



.< 



1 K| '-cf 7 """' 1 



|! Jjj -r 



Ml 



,N<i 




pmiedby Jouvt. 7S001 TaRIS iFR) 

PAGE 58/80 ' RCVD AT 4/23/2004 2:21:28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:4156930196 * DURATION (mm-ss):24-26 



23-Apr-2004 10:39 Frora-PARSONS HSUE & OE RUNTZ LLP 



4156930196 



W12 P. 059/080 F-204 



l EP 0 J 

Description 

BACKGROUND OF THE INVENTION 

1. FIELD Of THE INVENTION: 

The present invention relates lo an electrically wri- 
table/erasable non-volatil© semiconductor memory da- 
vice. !n particular, the present invention relates to a non- 
volatile semiconductor memory device having a struc- 
ture n which a read operation and a write/erase opera- 
tion in connection with a particular memory cell can be 
simultaneously performed on one chip. 

2 DESCRIPTION OF THE RELATED ART: 

Figure 4 is a circuit configuration diagram ot a con- 
ventional non-volatile semiconductor memory device 
(one chip flash memory in which data is erasable on a 
bJoch basis). According to this conventional example, a 
Jloaung gate type MOS transistor is used as a non-vol- 
atile memory transistor, which has a floating gate and 
allows data to be wrilien by injection of channel hot elec- 
trons end lo be erased by tunnel erasing by a Fowler- 
Nordneim current. 

As shown m Figure 4, in each of memory cell array 
blocks BL ( . BL 2 , , BL Kl trie above-men lioned floating 
gale type MOS transistors are arranged in a matrix. 
Control gates of the transistors in each identical row are 
commonly connected lo form word lines w v w z , W M : 
Drains of ine transistors in each identical column are 

commonly connected to form bit lines B-,. t B 1 . N>> B 2 .t 

B 2.i\;. ■■ • b k-i B K-*<' Furthermore, sources of an the 

transistors arranged in the matrix are commonly con- 
nected so as lo 1orm common sources S K . The 
word lines in each block are commonly connected lo the 
corresponding ones. The memory eel! array blocks 
Bl-,.. . BL K respectively have column decoders 

YD, YD K which selectively connect the plurality of 

bit lines to a data bus D-BUS in accordance with a signa I 
value of a column selection signal portion of an input 
address signal at the time of writing and reading data. 
The memory cell array blocks BL„ .... BL K respectively 
have output circuits SV, 5V K for selectively output- 
ting a predetermined voltage to tne common sources 
S v .... S K at the lime ot writing, erasing, and reading 
data (i.e., GND (ground voftage) at the time of writing 
and reading data. V HH (high voltage) at the time of eras- 
ing data). The ouipul circuits SV t SV K respectively 

have P-ch&nnei MOS transistors P u P M for apply- 
ing a high voltage V HH and N-channcI MOS transistors 
N n . ... N K1 lor applying a ground voltage GND. Further- 
more, a row decoder XD outputs a predetermined word 
line solaclion signal commonly lo the word lines of each 
oi the memory cell array blocks bl,, BL K in accord- 
ance with a signal value of a row selection signal portion 
or an input address signal. An N-channel MOS transistor 
N, applies a predetermined high voltage V pp tor writing 
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to the data bus D-BUS. and a sense amplifier SA sens- 
es, amplifies, and outputs a current of the data bus D- 
BUS at the time of reading data. 

Hereinafter, the operations oi the above-mentioned 
s conventional semiconductor memory devico will be de- 
scribed. 

First, a data write operation will be described. For 
description, the case where data is written in a memory 
cell M 2 _22 at a crossed point of the word line W 2 and the 

10 bit line B 2 . 2 provided in the memory cell array block BL 2 
will be described. 

In order to fix tne common source of the memory 
cell array block BL2 at a GND level, a control' signal P/ 
R 2 is set at "H" to turn on a transistor N 21 , whereby the 

75 common source S2 is set at the GND level. Simultane- 
ously, me row decoder XD applies a hign voltage of 
around 1 o volts tor writing to the word kne w 2 based on 
an input address signal, "men, the column decoder YD 2 
connects the data bus D-BUS to the bil line B 2 ^- A 

so voltage is applied lo the data bus D-BUS by setting a 
control signal PGEN at "H". and a voltage of around 6 
votts is applied to the bit iine B^. This allows a current 
to flow from the bit line B2_ 2 tothe source S 2 in the mem- 
ory cell M2-22 Hai ^lecnona generated at this time ere 

25 injected into a floating gate of the memory cell M^^. 
Thus, writing of data is completed. 

Secondly, a data erase operation will be described. 
• For description, the case where data i3 erased from all 
Ihe memory cells in the memory cell array block BLj will 

30 be described. 

All the word lines W t . . .. W M are sat at the GND 
level by the row decoder XD. Thereafter, control signals 
an d P/Rft are set at "L" so as to set the common 
source S 2 ai a high vollage of around 10 volts during a 

35 predetermined period, whereby a high vollage of around 
10 volts is applied between sources and control gates 
of ail the memory cells in the memory cell array block 
BL 2 . Electrons are ejected from tne floating gates of all 
the memory cells. Thus, erasing of data is completed 

40 Finally, a daia read operation will be described. For 
description, the case where data is read from the mem- 
ory cell M2-22 al a crossed point of the word Ene W 2 and 
the bit line B 2 . 2 provided In the memory cell array block 
BL 2 will be described. 

45 Tne transistor N 21 is turned on Dy setting the control 
signal P/R 2 at "H", and tne common source Is eel at 
the GND level. A vollage of around 5 volts tor reading 
is applied Lo the word line W 2 by the row decoder XD, 
and a vollage of around 1 volt is applied to the bit line 

*so B2.2 via the column decoder YD 2 . A current flowing 
through the memory cells at this ihne is amplified by tho 
sense amplifier ©A. Thus, reading of data is performed. 

The time required for the above-mentioned respec- 
tive operations is as follows: the read operation is per- 

ss lormed at a relatively high speed, i.e., aboul lone of na- 
noseconds, the write operation usually requires several 
microseconds to about ten microseconds, and Ihe Brase 
operation requires a relatively long period of time, i c , 



PAGE 59/80 ' RCVD AT 4/23(2004 2:21 :28 PM [Eastern Daylight Time] ' SVR:USPT0*EFXRF-1/3 * DNIS:872930S * CSID:41569301 96 * DURATION (mm-ss):24-26 



23-Apr-2004 10:39 



Frora-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



W12 P. 060/080 F- 



9 EP 0 843 316 A2 4 



about hundreds of milliseconds to about 1 second. The 
write operation includes a write verifying operation for 
checking whether or not tine threshold value of the mem- 
ory cell has reached a predetermined value after writing, 
and lurther requires a re-write operation if the threshold 
valuo has not reached the predetermined value. There- 
fore, the write operation requires a relatively long period 
ol rime. 

The erase operation Includes a write operation be- 
fore erasing for the purpose of equalizing the threshold 
values of all the memory cells at the time of starting eras- 
ing, in addition to the erase verifying and re-erase op- 
erations similar to the write verifying and re-wrire oper- 
ations. Therefore: the erase operation requires tne long- 
est period of time. 

As described a Dove, the write and erase operations 
require longer periods ot Time. Therefore, in the case 
where it is required to read data from a block white data 
is being erased or written In another block, a read oper- 
ation is required to be performed with Ins erase at wiite 
operation being suspended. This is generally called 
"suspend". 

However, the erase or write operation is completely 
suspended during the read operation. Therefore, in the 
case of a system in which the read operation is orten 
performed, e.g., a system in which prog rain for control- 
ling a system Is stored in a flash memory, ii is practically 
impossible to write data in or erase it from the identical 
flash memory while reading the system control program 
(instruction code) stored In the Hash memory 

One strategy to overcome the above-mentioned 
problem Is to provide two flash memory devices in a sys- 
tem, in this case, the following problem will remain un- 
solved. 

More specifically, in a mobile phone wnich is re- 
quired to be light-weight and minlaiurized, it is neces- 
sary' to minimize the number of devices mounted on a 
system. Thus, providing two separate devices Is disad- 
vantageous. Even when two flash memory devices are 
used, while data is being read from one flash memory 
device, data can be written in or erased from only the 
other device. In other words, once a system is construct- 
ed, a region where data is simultaneously read and writ- 
ten or erased cannot be vaned. In general, the size of a 
region wnere program (instruction code) tor controlling 
a system is stored is different from thai ot a data region 
where data is written or erased. The ratio therebetween 
may be altered even in the identical system in the case 
where the system is upgraded. 

In order to solve the problem related to lightweight 
and miniaturization, two memory regions in which com- 
pletely independent operations can be performed may 
be formed in one Hash memory device. Figure 5 shows 
one such example. In this example, Ine word lines ere 
completely isolated from each other at the center thereof 
to form two word line blocks (W t . t , W^, .... W^) and 

(W z . v W 2 . a Wj^). and row decoders XD t and XDj* 

are provided for the respective blocks. More specilically. 



memory cell a/ray blocks through BLk/2 are driven 
by the row decoder XD,. and the" memory cell array 
blocks BLiojui to BL K are driven by the row decoder 
XDj>. 

S However, even in this example shown in Figure 5. 
data cannot be simultaneously read and written or 
erased, for example, with respect to the memory cell ar- 
ray blocks BLj and BL ft . This is because the memory 
cell array blocks BL, and BL 2 have the word lines in 

10 common. 

In order to allow the operations of each memory cell 
array block to be completely independently performed, 
the memory cell array blocks BL lf BLj, BLk may be 
respectively provided with independent word lines 

« fW v1 , W,^, .... W 7 ^). (W 2 . l7 W 2 .2, .... W^), .... end 
(W K . 1f W K . 2 ,... W k , m ), so that the memory ceB array 
blocks BL,. BL2. BL K can be respectively driven by 
completely independent row decoders XD-,, XD^ .... 
XD K , as shown in Figure 6. In this case, a layout area 
remarkably Increases. This is also disadvantageous. 

SUMMARY OF THE INVENTION 

A non-volatile semiconductor memory device of the 

ss present invention includes a plurality of memory cell ar- 
ray blocks on a single integrated circuii, each oT the 
blocks including non-volatile memory transistors capa- 
ble ot electrical I/ writing, erasing, and reading informa- 
tion, arranged in a matrix. Sources of all of the transis- 

30 tors are commonly connected. The semiconductor 
memory device of the present invention also includes a 
plurality of word lines for commonly connecting control 
gales ol the transistors in each identical row of the ma- 
trix; a plurality of bfl lines for commonly connecting 

35 drains of the transistors in each identical column of the 
matrix; a bit line selection circuit lor selectively connect- 
ing The plurality of brt lines to a data bus in accordance 
with a signal value of a first predetermined portion of an 
input address signal; and a voltage selection output cir- 

40 cult for selectively outpuning a predetermined voltage 
to the commonly connected sources a: a lime 01 writing, 
erasing, or reading Information The plurality of word 
lines ol each ol the blocks are respectively connected 
10 the corresponding word lines in an adjacent block 

■*s through a group ol switching transistors provided be- 
tween tho btocks. In tho semiconductor memory device 
of the present invention, at least two word line selection 
circuits are further included which output a predeter- 
mined word line selection 3ignaJ in accordance with a 

£0 signal value of second predetermined portion of the in- 
put address signal; the plurality of word linea ol a pre- 
determined pair ol two blocks among the plurality of 
blocks arc respectively connected to the corresponding 
word line selection circuits; and each of the bit line se- 

55 lection circuits connects the bit line selected in accord- 
ance wfth the signal value of the predetermined portion 
of the input address signal alternatively to either of the 
I wo dale buses 



3 



PAGE 60/80 * RCVD AT 4/2312004 2:21 :28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS;87293Q6 * CSID:4156930196 * DURATION (mm-ss):24-26 



23-Apr-2004 10:40 



From-PARSONS HSUE & DE RUNT2 LLP 



4156930196 



T-712 P. 061/080 F-204 



EP0843 316A2 



6 



In one embodiment of the present Invention, tho 
gates ol the plurality of switching transistors provided 
between the blocks are commonly connected on an in- 
ter-block basis and supplied with a predetermined tran- 
sistor ON or OFF voltage. 

In another embodiment of the present invention, the 
above-mentioned semiconductor memory device fur- 
ther includes a storage circuil whose stored content is 
variable, and a transistor switch ing voltage output circuit 
for selectively outputtlng the transistor ON or OFF volt- 
age in accordance with the content stored in the storage 
circuit. 

In still another embodiment of the present invenlion, 
each of the groups of switching transistors Includes N 
channel MOS transistors and P channel MOS transis- 
tors respectively connected to the corresponding word 
lines ot the adjacent blocks, 

in still another embodiment of the present invention, 
the plurality 01 the word lines Of each of the blocks re- 
spectively include global word lines for connecting be- 
tween the blocks, and local word lines for commonly * 
connecting the control gates of the transistors of each 
identical row of the matrix within each block. 

In the non-volatile semiconductor memory device 
according to the present invention, switching transistors 
(MOS transistors) provided between memory cell array 
blocks allow the respective word lines to be electrically 
isolated between any blocks. Thus, block regions where 
data is simultaneously read and wrilien or erased can 
Ds arbitrarily set. Furthermore, the switching transistors 
are merely provided between the respective blocks in 
addition to two word line selection circuits (row decod- 
ers), SO that the Increase in a chip layout area can be 
minimized. 

Furthermore, by arbitrarily varying a control voliage 
applied to the swftcnfng transistors, a word line isolating 
position can be arbitrarily varied. 

Thus, the invention described herein makes possi- 
ble the advantage of providing a non-volatile semicon- 
ductor memory device in which data can be read from 
one memory cell array block while data is being written 
in or erased from another memory cell array block on 
one chip. wiLh the increase in chip layout area being min- 
imized 

This and other advantages ol the present invention 
will become apparent lo those skilled in the art upon 
reading and understanding the following detailed de- 
scription with reference lo the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of the lirsl example ec* 
cording to the present invention. 

Figure 2 is a block diagram of the second example 
according to the present invention. 

Figure 3 Is a block diagram of the third example ac- 
cording to the present invention. 

Figure 4 is a block diagram of a convention^ non- 



volatile semiconductor memory device. 

Figure 5 Is a block diagram of a conventional non- 
volatile semiconductor memory device. 

Figure 6 is a block diagram of a conventional non- 
s volatile semiconductor memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

10 Hereinafter, the present invention will be described 
in detail by way of illustrative examples with reference 
to the drawings. 
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Example 1 



Figure 1 Is a circuit configuration diagram of a non- 
volatile semiconductor memory device (one chip flash 
memory in which data is erasable on a block basis) of 
Example l according to the present invention. 

20 According to the present- example, a Boating gate 
type MOS transistor is used as a non-volatile. memory 
transislor, which has a floating gate and allows data to 
be written by injection of channel hot electrons and to 
be erased by tunnel erasing by a FowJer-Nordheim cur- 

& rent. 

As shown in Figure 1 , in each ol memory cell array 
blocks BL V PLa, BL Kl the above-mentioned floating 
gate type MOS Transistors are arranged in a matrix. 
Control gates of the transistors in each identical row a re 

30 commonly conned ed lotorm word lines (W,^, 

W,. to ), (Wjm, WV 2 W^m) (Wk-i, Wk^ ... 

W K -m). Drains ot the transistors in each identical column 
are commonly connected lo farm bit lines .... 
B,. N ). (B^, B 2jy ), .... (B K _-,, .... B K _ N ). Furthermore, 

35 sources of all the transistors arranged in the matrix are 
commonly connected to form common sources Si 
S K . The memory cell array blocks BL t .... BL K respec- 
tively have column decoders YD, YD^ which con- 
nect bit lines, selected in accordance with a signal value 

-<e of a column seteciion signal portion of an input address 
signal, alternatively lo a data bus D-BUS-1 or D-BUS-2 
at the time of wriiing and reading data. The memory cell 
array blocks BL 1 BL« respectively have output cir- 
cuits sv tJ .... SV K for selectively oulputttnga predeter- 

** mined voliage to the common sources S,, .... S K at the 
ttme of writing, erasing, and reading data (le„ GND 
(ground voltage) at trie time of writing and reading data, 
and V HH (high voltage) al the time or erasing data). The 
output circuits 8V lf .... SV K respectively have P-chan- 

so nel MOS transistors P^ P M for applying a high volt- 
age and N-channol MOS transistors N ni , ,.,N K1 lor 
applying a ground voltage GND, 

in the present example, two row decoders XD, and 
XD 2 are provided. More specifically, the row decoders 
XO , and XD a output a predetermined word line selection 
signal in accordance with a signal value ot a row selec- 
tion signal portion ot an input address signal. Row de- 
coder XD, is connected to the respective word lines 
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\N u v — • w i.m of lhe memory cell array block BL 1 . Row 
decoder XD a fs connected to the respective word lines 
W K ,i. ••. W K _n, of the memory cefl array block BL K . 

In the present example, two data buses D-BUS;1 
and D-BUS-2 are provided for the purpose of simulta- 
neously performing a read operation and a write opera- 
tion. N-channel MOS transistors N-t and N 2 respectively 
apply a predetermined high voltage V pp tor writing to 
the data buses D-BUS-1 and D-BUS-2 at the time of 
writingdata. Sense amplifiers SA, and SA 2 respectively 
sense, amplify, and output currents of the data buses D- 
BUS-1 and D-BUS-2 at the time of reading data. Fur- 
thermore, a multiplexer MUX selectively outputs an out- 
put signal of the sense amplifier SA-, or SA 2 « accord- 
ance with a control signal. 

Furthermore, switching MOS Transistor groups 
MOS, mos k>1 are Interposed between the respec- 
tive memory eel! array blocks BL 1t BL K (I.e., be- 
tween the word lines of the respective blocks). The 
switching MOS transistor groups MOS, MOSk., re- 
spectively include a plurality of rt-charmei MOS transis- 
tor* (NT vlt .., NT,.,,). (NTk.,.,, .... NT*.^). Gates 
of each of the MOS transistor groups MOS,,, .... MOS^ 
are commonly connected so as to receive an identical 
control voltage. 

Configuration circuits COM,, CON K .i respec- 
hvely ouipui control voltages G { G K .<, to the com- 
monly connected gales of the switching MOS transistor 

groups MOS, MOS^. The configuration circuits 

CON,, .. CON K _.| respectively include registers R 1f .... 
R K-1 and CMOS circuits CM 1P .... CM^ which selective- 
ly output the ground voltage GND or e voltage V xx In 
accordance with the content CJ-r or V) stored in the 
registers R,, .... R K . V 

The switching MOS transistor groups MOS, 

MOS K _ t and Ihe configuration circuits CON 1 

CON Ko are components characteristic of the present 
invention. 

Hereinafter, a parallel operation of the read and 
write operations will be described. 

The case where data is written in a memory cell 
M 2 .22 of the memory cell array block BL 2 while data 
stored in a memory cell M M1 in the memory cell array 
block 0L 1 is bemg read will be exempirfied. 

First, tn order to electrically separate the word lines 
between the memory ceil array blocks BL-, and BL^ the 
register R.,, Is set at *H" and the registers ft 2 to R Ko are 
set at through a configuration signal line CSL It Is 
also possible for a user to set this configuration opera- 
tion by entering » command after powcr-on. Alternative- 
ly, a manufacturer ol Rash memories may previously set 
the configuration operation prior to Shipment 

When Ihe register R v is set at H\ the gale control 
voltage ol [ho MOS transistor group MOS-,, provided 
between the word linos W M , ...» W,. M of the memory 
cell array block bl 1 and the word lines Wj.,, .... W 2 ^ 
of the memory ceil array block BL^ reaches the GND 
level, and the respective IranSietOTS NT 1 . 1 . . . NT-,^ of 



the MOS transistor group MOS, are turned off. Thus. 

the word lines of the memory cell array 

block BL 1 are electrically isolated from the word lines 
Wg-T ...» W 2 _m of the memory celt array block BL^ 
s When the registers R 2 to R K _i ere set at V, the gat© 
control voltages G 2 , .... Gk-1 ot ^ e MOS transistor 
groups M0S 2 to MOS K _, between the other memory cell 
array blocks BL 2 to Bt K raach 8 voltage level, and 
each transistor of the MOS transistor groups MOSg to 

70 MOS K _j is turned on. Thus, the word lines are electri- 
cally connected to each other between the memory cell 
array blocks BLg to BL K . 

In accordance with the contents stored in the regis- 
ters R 1f to R K-1 in the configuration circuits CON n lo 

1* CON^ , the row decoders YD , . lo YD K connect the se- 
lected bit tines to either of the oata bus D-BUS-i and D- 
BUS-2. Assuming ihaT a register r, (1 = 1 , k-1 ) is set 
at "H", the cotumn decoders YD,, to YD, of the memory 
cell array blocks BL-, to Bl-i connect me selected bit 

20 lines to the data bus D-BUS-1 , and the column decoders 
YD,,*! to YD K of the memory cell array blocks BL W1 to 
BL K connect the selected b»l lines to the data bus o- 
BUS-2. 

In order to read data Irom the memory cell or 
the memory cell array block BL,, a control signal P/R, 
is set at "H' to turn on a transistor N 1l9 and the common 
source S, t3 set at a GND level. A voltage of around 5 
volts for the read operation is applied to the word line 
W t-1 , by the row decoder XD V The data bus D-BUS-1 
30 js connected to the bit line B,.., through the column de- 
coder YD 1t whereby a voltage of around 1 volt is applied 
to the bit line B 1 . 1 . A current flowing at this time is am- 
plified by the sense amplifier SA 1 . Thus, data is read. 
At this time, since the Iran sis tor rHV, is in an OFF state. 
• $5 a voltage of around S volts applied to the word line W 1 . 1 , 
is not transmitted to the word line W 2 . 1t and the word 
lines following thereafter. 

(n order to write data tn the memory eel I Ul^s2 ef the 
memory cell array block SL2 in parallel wilh the read 
-co operation, a control signal P/R2 is set at "rT. and the 
common source S 2 is set at a GND level. A high voltage 
of around 10 volts for the write operation is applied lo 
the word line W|<-2 by the row decoder XD^. Each voll- 
age o1 me configuration circuits is set sightly higher 
<s than 10 volts (i.e., around 12 volts). The registers Rj, 
.... R K-1 are set at m L", so that the control voltages 
to are set at 12 volts. Because of this, each tran- 
sistor of the switching MOS transistor groups between 
the memory cell array blocks BLj and BL K-1 is conduct- 
ed ed. Therefore, a voltage of 1 0 volts applied to the word 
line W K _2 is directly transmitted lo ths word line W 2 _2- 
Since the word lines W^, W K _ 3 , W K ^ Other than the 
word tine W K ^ are set at the GND level by Ihe row de- 
coder XDs, the word lines W 2 . 1f W 2 ^, .... W 2 . M of the 
55 memory cell array block BLg are all set at the GND lovol. 
The control voltage G, of the switching MOS transistor 
group MOS 1 located between the memory cell array 
blocks BL 1 rind BL^ is at the GND level at this time 
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Therefore, each transistor of this MOS transistor group 
MO^ is in an OFF slats, whereby a voltage of the word 

lines Wa,! W ? _m of the memory cell array block BL2 

are not transmitted lo the word Tinas W M , W 1-M of 
the memory cell array block BL V 

Next, a high voltage is applied to the data bus O 
BUS-2 by setting a control signal PQEN^ at "H\ A volt- 
age of around 6 vofts Is applied to the bit line via 
the column decoder YD^ whereby data is written in the 
memory cell M^qz- In order to verify whether or not data 
has been normally written in the memory cell M^, 
is read through the data bus D-BUS-2 by using the 
sense amplifier SA Z . When data is found not to have 
been normally written as a result of this reading, the re- 
write operation Is performed- 

As described above, while data is being read from 
a memory cell of the memory cell array block BL,, data 
can be written in a memory cell of the memory cell array 
block tor Gxampie. By interposing The swiichlng 
MOS transistor groups MOS 1f .... MOS^ between the 
respective memory call array blocks, the memory cell 
array block BL, is operated completely independently 
from the memory call array block BL^ whereby ihe read 
and write operations can bo simultaneously performed. 

The case where the read and write operations arc 
simultaneously performed has been described. Similar- 
ly, the read and erase operations ortho wriie and erase 
operations can be simultaneously performed. It is also 
possible that data is simultaneously written in two mem- 
ory cell array blocks. Furthermore, memory cell array 
blocks which are to be independently operated can be 
arbitrarily selected. For example, in the case where tho 
memory cell array blocks BL 2 and BU, are desired to 
be Independently operated, a register R* (not shown) 
is sei at "H\ and the other registers, Lc.. registers R 1s 
R 3 (not shown) .... R K-1 are set at "L". In this case, each 
Iransisior of the switching MOS transistor group be- 
tween the memory cell array blocks BL3 and BL 3 are in 
an OFF state, and the word lines W 2 . 1 , ...» V7 2JU of the 
memory cell array block BL 2 are electrically isolated 
from the word lines W M .... Wq, m ol Ihe memory cell 
array block bl 3 . 

As described above, depending upon the data set 
in the registers R 1t R K -n tne regions to be independ- 
ently operated arc arbitrarily set, and the setting can al- 
so be altered. Thus, the read and write operations, the 
write and erase operations, or the read and erase oper- 
ations can be simultaneously performed in the regions 
operating independently from each other. 

In the present example, a program storage portion 
and a data storage portion can be provided in one chip 
flash memory. Furthermore, the setting thereof can be 
arbitrarily performed. 

Example 2 

Figure 2 is a circuit configuration diagram of Exam- 
ple 2 according to the present invention. Tne dttsrencc 
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between Examples 1 and 2 lies in the configuration of 
each switching MOS transistor group provided between 
memory cell array blocks. More specifically, in Example 
1. the switching MOS transistor groups are composed 

s of N-channel MOS transistors. In Example 2, P -channel 

MOS transistors (FT M , .... PT 14W ) (PT K .vi. ... 

PTk_ 1 _ w ) arG connected in parallel to N-channel MOS 
transistors. Because of the above alteration, one more 
CMOS circuit CM* 1t .... CM' K .i «s added to each of the 

10 configuration circuits CON r .... CON Kv1 . 

in Example 1, since the switching MOS transistor 
groups are composed of N-channel MOS transistors, a 
voltage V xx supplied to the configuration circuits is re- 
quired to be made higher by around 2 volts than th e word 
tine voltage (1 0 volts) at the time of writing (for the pur- 
pose of preventing the decrease m a threshold voltage). 
In Example 2. since ma switching MOS transistor 
groups are composed of CMOS, a voltage supplied 
to the configuration circuit can bo set ai the Identical ley- 

zo el with thai of the word line voltage at the time or wnting. 

Example 3 

Figure 3 is a circuit configuration diagram of Exam- 
25 pie 3 accord ing lo ihe present invention. 

In Ihe present example, a method for erasing data 
by applying a negative voltage to word lines is adopted. 
According to this method, a voltage to be applied to word 
lines is sel lo be negative (i e.. around -10 volts) ralher 
30 man ihe GND level The purpose of this is to decrease 
the level of a high voltage applied to Ihe sources of mem- 
ory transistors. This method has the advantage that 
double diffusion for enhancing pressure resistance is 
not required In source portions, elc. In connection with 
35 the adoption of this method, word lines include global 
word lines (GW 1l1t .... GW^, .... (GW K .i> .... GW K ^), 

and local word lines (LW v1l .... LW,^) (LW K .i 

LW K _ M ) which are suitable lor erasing data with a neg- 
ative voltage. In the present example, the number of 
to memory calls. I.e.. the number of b'n lines in the memory 
cell array blocks from which data is fndependently 
erased, Is different depending upon the block, m Figure 
3, the memory cell array block BL-, has N bit lines, the 

memory celi array block BL 2 has L bit linos the mem- 

45 ory cell array block SL K has J bil lines, in general, the 
memory block conTiguration as shown in Figure 3 is 
called "boot block - configuration, whereas the memory 
block configuration as shown in Figure 1 in which blocks 
having the identical number of memory cells are ar- 
$0 ranged is called -symmetrical block? configuration. Note 
that the boot block configuration as snown in Figure 3 
can be applied to the usual erasing method as shown 
in Figure 1 . The equivalent block configuration as 6hown 
in Figure 1 can be applied to the method for erasing data 
SS by applying a negative voltage to word Hne3 as shown 
in Figure 3. 

In Figure 3, a negative voltage is applied to word 
lines at the time of erasing, so that P-cnannel MOS tran- 



30 



is 



40 



46 



PAGE 63/80 1 RCVD AT 4/23/2004 2:21:28 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/3 * DN1S:8729306 * CSID:4156930196 ' DURATION (mm-ss):24-26 



23-Apr-2004 10:41 Frora-PARSONS HSUE & OE RUHTZ LLP 

* 



4156930106 



T-712 P. 064/080 F- 



11 EPCH 

slstors are used as switching MOS transistors. If it Is 
possible to use a triple well process even in the case of 
erasing data with a negative vottage. anN-channe! MOS 
transistor can be formed in a P-well. This allows the 
electric potential of the P-well to be set at a predeter- 
mined negative voltage (i.e.. vottage lower than a word 
lino negative voltage at the time of erasing) independ- 
ently from a P-substrate. Therefore, the switching MOS 
transistor groups composed ol N-channel MOS transis- 
tors as shown in Figure 1 or tho switching MOS transis- 
tor groups composed of CMOS as shown In Figure 2 
can be used. 

Hereinafter, & parallel operation of the read and 
erase operations will be described. 

Trie case where data is erased from the memory 
cell M 2 .22 of the memory cell array block BL 2 while date 
is being read rrom the memory cell array block BL, will 
be described 

First, a register Ft, is set at "L" and registers R 2 

R^.., are set al 'H k few the purpose of electrically isolating 
the global word lines between the memory cell array 
blocks BL 1 and BL^ 

A voltage 10 be applied to word fines in the case of 
adopiing a method for erasing data with a negative volt- 
age is as follows: 

Reading- 5 volts or GND 
Writing 10 voJisor GND 
Erasing- -10 volis 

Thus, in any combination of ihe operations 10 be si- 
multaneously performed, in order to bring The global 
word lines into conduction or electrically isolate them 
from each other.. voltages and V NECl to be supplied 
lo the configuration circuits are required to be set, for 
example, al around 10 vote and around -12 volts. As a 
circuit for generating such a vottage, a charge pump cir- 
cuit or the like can be used. 

When tho rogistor R , Is set ai ■L", the control voltage 

ol the switching MOS transistor group MOS., be- 
tween the memory cell array blocks BL t and BL^ be- 
comes V xx 1= about 10 volts), and the P-channel MOS 
transistors PT t . t , .... PT^ of the MOS transistor group 
MOS^ are turneo oft. When the other registers are set 
at "H\ eacn transistor of the switching MOS transistor 
groups MOS 2 MOSk.-, between the memory coif ar- 
ray blocks BL 2 , - BI-k are turned on 

In order lo read dala tiorn tho memory cell M V1|1 it 
is required lo apply a voltage of around 5 volts lor read- 
ing to the local word line LW-,.v In order to erase data 
from ine memory cell array block BL^ it is required to 
apply a negative voltage of around -10 volts to all the 
local word linas LW^, .... UW 2 . |tt of the memory cell ar- 
ray Wock BLjj. In order to set the local word line LW 10 
at around 5 volts, the global word Ime GW 1 . 1 is set at 
around 5 volls by the row decoder XD 1t whereby a gate 
voltage L, of P-channel MOS transistors between the 
local word line LV^ and the global word line GWV,^ is 
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sot at a negative voltage of around -2 to -5 volts. In order 
to set the local word lines LW^-,, .... LW 2art al a negative 
voltage of around -10 volts, it is required to set the global 
word lines GW 2 . 1P .... GW^ at a negative voltage of 
s arovnd -10 volts by the row decoder XD^ whereby a 
gate voltage Lg of P-channel MOS transistors between 
tho global word lines GWj.l .... GW^ and the local 
word Ones LW 2 _„ .... LW 2 . M is set at a voltage slightly 
lower than -10 votts. e.g., around -12 volts. Gatevoltag- 

10 es L3, L K of the P-channel MOS transistors between 
the global word lines and the local word lines in the other 
blocks are set. for example, at 10 volts so as to turn off 
ihe P-channel MOS transistors. The setting ol each gate 
voltage L v ...» L K is controlled based on the information 

is specifying the blocks to be operated in parallel and the 
information indicating which operatron (t,e., tne read, 
writs, or erase operation) is performed in the blocks. 

ASdescrbed above, even in a flash memory adopt- 
ing tho method for erasing data by applying a negative 

20 vollage to word fines, word lines can be electrically Iso- 
lated. Furthermore, depending upon the data set in the 

registers R 1 R K _-,. the regions 10 bo independently 

operated can be arbitrarily set, and the setting can bo 
altered. Thus, the retad and write operations, the wriie 

2S and erase operations, and tno read and erase opera- 
lions can be simultaneously performed in tho rogions 
operating independently from each other. 

As described above, according to tho present in- 
vention, a very useful non-volatile semiconductor mom* 

30 ory device can be realized, in which memory blocks 
where iho read, write, and erase operations arc com- 
plelely independently performed can be arbitrarily se- 
lected and altered while minimizing the increase in a lay- 
out area by fruerposjng simple switching transistors in 

35 series berween word lines on the basis of a block to be 
erased. Furthermore, according to the present inven- 
tion, word lines arc electrically isolated so as to de- 
crease a load capacitance of each word line. Therefore, 
a read speed can be enhanced. For example, assuming 

40 thai the block BLf is assigned as a read-only program 
(instruction code) storage portion, blocks BL-2 to BL K 
are assigned as data storage portions in which data i3 
written or erased, the load capacitance of word fines to 
be driven by the row decoder XD-, decreases. I here- 

■«J fore, the transition speed of tne word tines is enhanced, 
vfttsfQtiy the read speed of the program storage portion 
can be enhanced. 

various other modifications will be apparent to and 
can be readily made by those skilled in the an without 

co departing I rom tho scope and spirit of th te invention. Ac- 
coraingiy, it is not intended that me scope of the claims 
appended hereto be limited to the description as sBt 
forth herein, but rather that the claims be broadly con- 
strued. 

SB 
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Claims 

1 . A non-volatile semiconductor memory device, com- 
prising a plurality of memory cell array blocks on a 
single integral** circuit, each of the blocks includ- 
ing: 

non-votedile memory transistors capable of 
electrically writing, erasing, and reading infor- 
mation. the transistors being arranged in a ma- 
trix, and sources of all of the transistors being 
commonly connected; 

a plurality of word lines for commonly connect- 
ing control gates of the transistors in each iden- 
tical row of the matrix: 

a plurality 0t bit lines for commonly connecting 
drains ol the transistors in each identical col- 
umn of the matrix; 

a bit line selection circuit for selectively con- 
necting the plurality of bit lines to a date bus in 
accordance with a signal value of a first prede- 
termined portion of an input address signal; and 
a voltage selection output circuit for selectively 
outputting a predetermined voJlage to the com- 
monly connected sources al a time of writing, 
erasing, or reading information; 
wherein the plurality of word lines of each ol the 
blocks are respectively connected to The corre- 
sponding word lines in an adjacent block 
through a group of swiiching transisiors provid- 
ed between the blocks, 

at least two word line selection circuits are fur- 
ther included which output a predetermined 
word line selection signal in accordance with a 
signal value of a second predetermined portion 
of the input address signal, 
the plurality of word lines of a predetermined 
pair of two blocks among the plurality of blocks 
are respectively connecree to the correspond- 
ing word line selection circuits, and 
each of the bit line selection circuiLs connects 
the bit line selectee in accordance with the sig- 
nal value of the first predetermined portion of 
the input address signal allemattvely to cither 
of the two data buses. 

2. A non-volatile semiconductor memory device ac- 
cording to claim 1 , wherein the gales of the plurality 
of switching transistors provided between the 
blocks are commonly connected on an inter-block 
basis and supplied wilh a predetermined transistor 
ON or OFF voltage. 

3. A non-volatUe semiconductor memory device ac- 
cording to claim 2, further comprising a storage cir- 
cuit whose stored content Is variable, and a transis- 
tor switching voltage ouiput circuit for selectively 
outputting the transistor ON or OFF voltage in ae- 



ro 



is 



cordance with the content stored in the storage cir- 
cuit. 

A non-volatile semiconductor memory device ac- 
cording to claim 2, wherein each of the groups of 
switching transistors includes N channel MOS tran- 
sistors and P channel MOS transistors respectively 
connected to the corresponding word tines of the 
adjacent blocks. 

A norvvolalile semiconductor memory device ac- 
cording to claim 2, wherein the plurality of the word 
lines ol each of the blocks respectively include: 

global word lines for connecting between the 
blocks; and 

local word lines for commonly connecting the 
control gates of the transistors of each identical 
row of me matrix within eacn block, and respec- 
tively connected to the global word tines. 

A semiconductor memory device comprising a plu- 
rality of memory ceil blocks, each block having an 
array of m ornery cells and a plurality of word lines, 
the device comprising means for connecting and 
disconnecting corresponding word lines in adjacent 
blocks, so that the word lines lor a first set of mem- 
ory blocks can be disconnected from the wore lines 
lor a second set of memory blocks. 



3Q 



36 



50 



PAGE 65180 1 RCVD AT 4/2312004 2:21:28 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:41569301 96 * DURATION (mm-ss):24-26 



23-Apr-2004 10:42 



Frora-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



T-712 P. 066/080 F- 



EP 0 842 316 A2 



Row decoder XD2 



51 

1 1 

•II-. 
11 • i. 

'1 =3, 




T 



B2-3 4^ri ^^rj ;' 4l_i 



B2-1 ^y.pj ,bJ^r| 



lb 



GO 




— 1 i t,f 5 - - ' 



all — a — 



.ST 




PAGE 66/80 ' RCVD AT 4/23/2004 2:21 :28 PM (Eastern Daylight Time] * SVR:USPT0-EFXRf?1/3 * DN1S:8729306 * CSID:4156930 1 96 * DURATION (mm-ss): 24-26 



23-Apr-2004 10:43 



Frora-PARSONS HSUE * DE RUNTZ LLP 



4156930196 



T-712 P. 067/080 F- 



EP0 843 316A2 



Row decoder XO2 









/ 

24 



CD 



1 
1 



h ^ 



6 



T I 



2: I 



CNI 

CO 



CNI 
C2J 



1 

J * 



J — 




1 



6 



CD 



o 
m 





r 


Row decoder XDi 



1 — 



O 



PAGE 67/80 ' RCVp AT 4/23I20D4 2:21:28 PM (Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/3 * DNIS:8729306 * CSID:4156930196^ DURATION (mm-ss):2W6 



23-Apr-2004 10:43 



ProiD-PARSONS KSUE & DE RUNTZ LLP 



4156930196 



T-712 P. 068/080 F« 



EP0 843 316 A2 




PAGE 68/80 * RCVD AT 4/23/2004 2:21:28 PM [Eastern Daylight Time] * SVR:USPTO£FXRM/3 * DN)S:8729306 * CSID:415693019S * DURATION (mm-ss):24-26 



23-A P r-2004 10:43 



Frcra-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



T-712 P. 069/080 F 



EP0 843 316 A2 




PAGE69S0*RCyW^ 



23-Apr-2004 10:43 

* 



Frora-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



T-712 P. 070/080 F- 



EP 0 843 316 A2 



Row decoder XD2 



o 
o 



-U_r 



- Tfr 

-03- 



CO 



i 

x-- CO 



ill 



o 

Q 
CD 



o 

Q 
CO 



I 

CO 



o 

IS 



to 



I 



o 
o 

CD 



Row decoder XD 



13 



PAGE 70/80 * RCVD AT 4/23/2004 2:21 :28 PM [Eastern Daylight Time] * SVR:USPT0.EFXRF-1/3 * DNIS:8729306 * CSID:4156930196 * DURATION (mm^s):24-26 



23-Apr-2004 10:43 



Froro-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



T-712 P. 071/080 F- 



EP0 843 316A2 



v - - — i 



I 



O 
CD 



Row decoder XDk 



^lIj- -llt 



I 



CO 



a: 



Row decoder XD2 



CO — " 

5 * 



35 

( 



o 

m 



Row decoder XDi 



PAGE 71/80 1 RCVD AT 4Q3/2004 2:21 :28 PM [Eastern Daylight TlmeJ * SVR:USPT0-EFXRF-1/3 * DN!S:8729306 * CSID:41569301 96 * DURATION (mm-ss):24-26 



23-Apr-2004 10:44 Frora-PARSONS HSUE & DE RUNTZ LLP 



4156930196 



T-712 P- 072/080 F- 



(19) 



Europalsehes Patentsmi 
European Patent Office 
Office europeen dea brevets 



(12) 



(88) Date of publication A3: 

19.05.1999 Bulletin 1999/20 

(43) Date of publication A2: 

20.05.1 99S Bulletin 1998/21 

(21) Application number: 97308430.9 

(22) Date of filing: 23.10.1997 



(id EP 0 843 31 6 A3 

EUROPEAN PATENT APPLICATION 

(51) intCl* G11C 16/06, G11C 8/00 



(84) Designated Conlrading States: 


(72) Inventor Nawaki, Masaru 


AT BE CH DE DK ES Fl FR GB CR IE IT LI LU MC 


Nara-shi, Nara-kcn (JP) 


NLPTSE 


(74) Representative: Brown, Kenneth Richard el al 


(30) Priority: 14.11.1996 JP 302269/96 


R.G.C. Jenkins & Co. 


26 Caxton Street 


(71) Applicant: SHARP KAfiUSHlKI JCAISHA 


London SW1H0RJ (GB) 


Osaka-shf, Osaka-fu 545-0013 (JP) 





(54) Non-volatile semiconductor memory device 

(57) A non-volatile semiconductor memory device 
ol the present invention includes a plurality of memory 
cell array blocks on a single integrated circuit, each of 
the blocks including non-volatile memory transistors ca- 
pable of eleotrieeOy writing, erasing, and reading infor- 
mation, arranged in a matrix. Control cates of the tran- 
sistors in each identical row are commonly connected 
to form word lines, drains of the transistors in each iden- 
tical column are commonly connected to torm bit lines, 
and source* ol ell of the transistors are commonly con- 
nected. Each of the blocks further includes a bit line se- 
lection circuit which selectively connects the p/urality of 
bit lines to a data bus fn accordance with a signal value 
of a predetermined portion ol an input address signal, 
and an output circuil for selectively oulpulting a prede- 



termined voltage to the commonly connected sources 
ai a time of writing, erasing, and reading information. 
The plurality of word lines of each at Ihe blocks are con- 
nected to Ihe corresponding word lines in an adjacent 
block through a plurality of switching transistors provid- 
ed between the blocks, two word line selection circuits 
are provided which output a predetermined word line se- 
lection signal in accordance wilh a signal value of the 
other predetermined portion of the input address signal. 
The word lines of predetermined two blocks among the 
plurality ol blocks are respectively connected to the cor- 
responding word line selection circuits, and each of the 
oil I me selection circuits connects the bit line selected 
in accordance with tne signal value ot the predetermined 
portion of tne input address signal alternatively to either 
of tho two data buses. 
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